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Currently in Pharmaceutical Industry
Per- and Polyfluorinated Alkyl Substances (PFAS)
Perfluorinated Compounds are:
• Used in MANY products (carpet, upholstery, paper,
textiles, cookware, paint, polymers, lubricants….. )
• Used in industrial processes; (metal plating, circuit board 




































Timeline of Important Events in 
the History of Legacy C8 (PFOA and PFOS)







































































































































• These are but a few examples of 
“new” PFAS, shorter and 
functionalized
• Synthesized to replace legacy C8 
compounds but still have the 
properties required to manufacture 
consumer goods
• Designed (hoped) to have shorter 
environmental lifetime and impacts
• More research is needed to answer 
these and other questions including 
sedimentary occurrence and fate. 
See Dr. Jen Harfmann Talk 
Wednesday April 28th at 4 pm (CST)
“Biodegradation of emerging per- and 
polyfluoroalkyl substances in 
sediments: Forever no more?”
Why Targeted PFAS in Sediments?
6
• Sorption to sediments and 
suspended particles 
• Sediment acts as environmental 
sink
• PFAS may be released to overlying 
water column by resuspension 
events and other processes. 
• Often overlooked environmental 
compartment
7
Sediment Sampled along Cape Fear River 
between Fall 2017 and 2018 as well as 
Fall 2019
Objective of Study
What is the distribution of legacy and  emerging 
PFAS in sediments of the Cape Fear River (CFR)?





PFOA PFMOAA PFMOBA PFMOPrA/PM
PA
HFPO-DA PFOS
%Recovery n=6 81 ± 25 82 ± 23 106 ± 42 103 ± 28 98 ± 38 88 ± 22
LOQ (pg on column) 3.0 4.0 4.5 4.2 4.3 4.4















































































































































































PFMOAA PFMOPrA/PMPA PFMOBA HFPO−DA PFOA PFOS
>LOQ <LOQ
• 29 sediment samples from the Cape 
Fear River were analyzed
• HFPO-DA, PFOS, PFOA detection 
frequencies of 72%, 66%, and 66%
Sediment PFAS in Literature
Location Year PFOA PFOS HFPO-DA ∑PFAS Reference
USA






Charleston, SC (n=36) 2012 0.101-2.51 (0.42) 0.09-7.37 (1.52) - 0.224-19.14 (3.68)
b White et al., 2015






c Higgins et al 2005
Asia
Bohai Bay, China (n=18) 2017 0.436-18.9 (2.69) 0.682-5.50 (1.37) n.d 2.69-25.0 (6.76)d Liu et al., 2019





(3.09) - Song et al., 2018





(<LOQ) - Song et al., 2018
Other
Water bodies, Sweden 
(n=23) 2015 - <0.5-64 - <1.0-76 Mussabek et al., 2019
Adjacent Arctic Ocean 
(n=20) 2010 0.08-0.74 (0.37) 0.03-0.20 (0.08) - 0.55-2.66 (1.08)
e Kahkashan et al., 2019
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n.d: not detected
a Total of [PFMOAA] + [PFMOPrA/PMPA] + [PMOBA] + [HFPO-DA] + [PFOA] + [PFOS].
b Total of [PFBS] + [PFHxS] + [PFOS] + [PFDS] + [PFHxA] + [PFHpA] + [PFOA] + [PFNA] + [PFDA] + [PFDoDA] + [PFUnDA].
c Total of [PFHxS] + [PFOS] + [PFDS] + [FOSAA] + [N-MeFOSAA] + [N-EtFOSAA].
d Total of [PFBA] + [PFHxA] +PFHpA] + [PFOA] + [PFNA] + [PFDA] + [PFUdA] + [PFDoA] + [PFHxDA] + [PFBS] + [PFHxS] + [PFOS] + [6:2 Cl-PFESA] + [8:2 Cl-PFESA] + [PFECHS].
e Total of [PFBS] + [PFHxS] + [PFOS] + [PFDS] + [PFBA] + [PFPeA] + [PFHxA] + [PFHpA] + [PFOA]+ [PFNA] + [PFDA] + [PFUdA] + [PFDoA] + [PFTrDA]
(ng/g dw)
PFOS  in Cape Fear River Sediment 
• Global median PFOS concentration 0.54 ng/g dw (Zareitalabad et al., 
2013)
• Median PFOS concentration in CFR sediments = 0.65 ng/g dw
12
•PFOS levels in this study 
are comparable to global 
median
•Sediments may be acting 
























































































































































































































































PFOS, HPO-DA correlated with %OC
PFMOAA, PFOA correlated with 
downstream distance suggesting point 
source
All but PFMOAA correlated with absolute 
distance suggesting multiple inputs to 
sediment
Conclusions
• Legacy PFOA and PFOS still detectable in sediment of Cape Fear River 
even though not in production in North America
• First study reporting the occurrence and distribution of replacement 
PFAS in sediments
• Correlation analysis revealed %OC is not a good predictor of sediment 
sorption behavior 
• Correlation analysis suggests there are indirect sources of several PFAS 
to Cape Fear River sediments
• Non-targeted mass spectrometry analysis is on-going!
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Extracted Ion Chromatogram (EIC) of suspect compounds in Lock and Dam 1 
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MS/MS and analysis 
of fragmentation 
patterns should be 
performed
































































































































































































• Houde et al., (2008) found similar ratios of 
PFOS isomers in sediments of lake Ontario, 
81-89% linear PFOS and 11-19% branched 
PFOS 
• Chen et al., 2018: branched isomers were 
highly enriched in water samples and linear 
PFOS was dominant in sediment samples 
(82.8%)
19
•Abiotic degradation could 
possibly explain decreased 
levels of branched PFOS in 
CFR (de Voogt, 2010)
• preferential retention of 
linear PFOS in sediment 
media
